Introduction {#H1-1-ZOI190306}
============

Critical illnesses and injuries account for 40% of total annual US hospital costs and \$260 billion in annual cost to the US economy.^[@zoi190306r1]^ Increased patient acuity, decreased intensive care unit (ICU) bed availability, and a persistent shortage of intensivist physicians have strained ICU capacity in many health care systems.^[@zoi190306r2]^ This combination of factors has created a greater demand to deliver prolonged critical care in the emergency department (ED) setting. From 2001 to 2009, the total annual hours of critical care delivered in US EDs increased from 3.2 million to 10.1 million hours, and ICU admissions from the ED nearly doubled, from 1.2 million to 2.2 million per year.^[@zoi190306r3]^

Multiple studies have demonstrated that increased ED boarding time is associated with worse outcomes for patients requiring ICU-level care.^[@zoi190306r4],[@zoi190306r5],[@zoi190306r6],[@zoi190306r7],[@zoi190306r8],[@zoi190306r9],[@zoi190306r10]^ Patients who are critically ill and experience delay longer than 6 hours from arriving at the ED to ICU transfer have increased hospital length of stay (LOS) and higher ICU and hospital mortality.^[@zoi190306r4]^ In the United States, 33% of ICU admissions from the ED have an ED LOS longer than 6 hours.^[@zoi190306r3]^

In response to this challenge, health care systems are beginning to develop and implement novel strategies, including ED-based ICUs, to optimize critical care delivery outside of the traditional inpatient ICU structure.^[@zoi190306r11],[@zoi190306r12]^ Because these strategies require substantial resources, it is critical to demonstrate the potential return on investment in terms of improved patient outcomes and reduced inpatient ICU admission.^[@zoi190306r13]^ To our knowledge, no published studies have quantified the impact of these ED-based ICU delivery models on patient outcomes and ICU admissions.

In 2015, the University of Michigan Health System created The Joyce and Don Massey Family Foundation Emergency Critical Care Center (EC3), an ICU within the ED of its flagship adult hospital. The objective of this study was to examine patient outcomes and resource use before and after implementation of this ED-based ICU model. We hypothesized that implementation of the EC3 would be associated with decreased mortality among the overall ED patient population and decreased inpatient ICU admissions from the ED.

Methods {#H1-2-ZOI190306}
=======

Context, Interventions, and Study of the Interventions {#H2-1-ZOI190306}
------------------------------------------------------

This is a cohort analysis of patient outcomes and resource use before and after the implementation of an ED-based ICU at an academic medical center. The institutional review board at the University of Michigan reviewed and approved this study, which included a waiver of Health Insurance Portability and Accountability Act authorization. This study used retrospective data collected during the course of routine clinical care, and we treated all the data in a manner compliant with the Security Rule and the Privacy Rule of the Health Insurance Portability and Accountability Act. This study is reported in compliance with the Standards for Quality Improvement Reporting Excellence ([SQUIRE](http://www.equator-network.org/reporting-guidelines/squire/)) reporting guideline.^[@zoi190306r14]^

The University of Michigan adult ED is part of a large academic medical center with approximately 75 000 adult ED visits per year. The EC3 ED-based ICU opened on February 16, 2015, as a 7800--square foot unit (to convert to meters squared, multiply by 0.09) consisting of 5 resuscitation or trauma bays and 9 patient rooms immediately adjacent to the main ED. The multidisciplinary EC3 team consisted of emergency medicine (EM) physicians (with or without critical care fellowship training), house staff (primarily EM residents and critical care fellows), physician assistants (with critical care training), ED nurses (with additional ICU training), respiratory therapists, and pharmacists. The unit is continuously staffed by 1 EM attending physician and 1 or 2 residents, fellows, or physician assistants. The patient-to-nurse ratio is 2:1. Evidence-based patient care pathways (eTable 1 in the [Supplement](#note-ZOI190306-1-s){ref-type="supplementary-material"}) were designed to achieve timely delivery of ICU-level care in the ED setting and seamless transition to inpatient ICUs.

All ED patients were initially evaluated and treated by the main ED team. Prior to EC3 implementation, all patients requiring ongoing critical care continued to be evaluated and treated by the main ED team in resuscitation bays or regular ED rooms in consultation with the inpatient ICU teams until an inpatient ICU bed became available or the patient no longer required critical care and was admitted to a non-ICU ward. After EC3 implementation, patients requiring ongoing critical care could be transferred to the EC3 team and cared for in the 9-bed ED-based ICU, even if inpatient ICU beds were available. Common indications for transfer to EC3 included severe sepsis or septic shock; altered mental status; overdose; major electrolyte disturbances, including diabetic ketoacidosis; gastrointestinal tract bleeding; respiratory distress or failure; congestive heart failure; and undifferentiated hypotension. [Figure 1](#zoi190306f1){ref-type="fig"} illustrates how the EC3 is integrated into the overall flow of ED patients.

![Emergency Critical Care Center (EC3) Patient Flow Diagram](jamanetwopen-2-e197584-g001){#zoi190306f1}

To test for differences in patient outcomes and resource use before and after EC3 implementation, we analyzed data from the electronic health records (EHRs) of all ED visits from September 2, 2012, through July 31, 2017. The pre-EC3 cohort was defined as all visits to the ED from September 2, 2012, through February 15, 2015 (897 days), and the post-EC3 cohort was defined as all visits to the ED from February 16, 2015, through July 31, 2017 (897 days). This period was selected because a new EHR system was deployed on September 2, 2012, and defining the pre-EC3 and post-EC3 cohorts in this fashion allowed for an identical number of days in each. All ED visits involving a documented encounter between a patient and an ED clinician that occurred during the pre-EC3 and post-EC3 periods were included in the analysis.

Measures {#H2-2-ZOI190306}
--------

The primary mortality outcome was 30-day mortality among all ED patients before and after EC3 implementation. We also examined 30-day mortality after hospital admission, in-hospital mortality, 24-hour mortality, and mortality prior to hospital admission. Mortality was determined based on death date or confirmed to be alive in the EHR. Patients with unknown mortality status in the EHR were assumed to be alive at 30 days.

The primary ICU admission outcome was ICU admission rate before and after EC3 implementation. Other ICU admission outcomes included short-stay ICU admissions and transfer to the ICU within 24 hours of admission to a non-ICU bed from the ED. Intensive care unit admission was defined as a patient physically occupying an inpatient ICU bed. To our knowledge, there is no agreement on the definition of *short-stay ICU admission*, so for the purposes of this analysis, we used the definition of any patient admitted from the ED to an inpatient ICU with a subsequent ICU LOS less than 24 hours.

Statistical Analysis {#H2-3-ZOI190306}
--------------------

We analyzed all visits from the entire ED population to prevent patient selection bias. Bivariate and multiple logistic regression analyses^[@zoi190306r15]^ were used to test hypotheses about pre-EC3 and post-EC3 cohort differences in mortality and ICU admission outcomes. Covariates in the multivariable models included sex, age at ED visit (in 5-year increments), a modified version of the Charlson Comorbidity Index,^[@zoi190306r16]^ and the Emergency Severity Index, a triage algorithm that assigns a score from 1, indicating the most urgent, through 5, indicating the least urgent.^[@zoi190306r17]^ Receiver operating characteristic curves and the C statistic measuring the area under the receiver operating characteristic curve were used to evaluate the predictive power of each model. Model-based predicted marginal probabilities, defined as the average probability across the observed values of other covariates in the model, and average marginal effects (AMEs) of cohort, defined as the average difference between the 2 cohorts in the predicted probability of a given outcome,^[@zoi190306r18]^ were calculated and converted to percentages to gain perspective on the magnitude of pre-EC3 and post-EC3 cohort differences. An α level of .05 was used for all analyses, and all hypothesis tests were 2-sided. Unadjusted and adjusted odds ratios (ORs) and 95% CIs were calculated, and the number needed to treat (NNT) was estimated based on adjusted risk differences.^[@zoi190306r19]^ Cluster-robust SEs were estimated to account for multiple visits clustered within patients. Analyses were conducted with SAS statistical software version 9.4 (SAS Institute) and Stata statistical software version 15 (StataCorp). Data analyses were conducted from March 2, 2018, to May 28, 2019.

Results {#H1-3-ZOI190306}
=======

Characteristics of Study Participants {#H2-4-ZOI190306}
-------------------------------------

A total of 349 310 patient encounters (mean \[SD\] age, 48.5 \[19.7\] years; 189 709 \[54.3%\] women) were identified and analyzed. There were 168 877 patients (92 038 \[54.5%\] women) in the pre-EC3 cohort and 180 433 patients (97 671 \[54.1%\] women) in the post-EC3 cohort ([Table 1](#zoi190306t1){ref-type="table"}). Consistent with national trends, the mean (SD) volume of ED visits increased through time, from 188 (19.1) ED visits per day pre-EC3 to 201 (18.3) ED visits per day post-EC3, an increase of 6.8%. The mean (SD) daily census of the EC3 was 6.9 (2.1) patients treated by EC3 clinicians and 4.1 (3.2) patients as overflow from the main ED treated by the main ED clinicians. The EC3 occupancy by day of week and hour of day and mean daily census by month are reported in eTable 2 and eFigure 1 in the [Supplement](#note-ZOI190306-1-s){ref-type="supplementary-material"}, respectively. Patients in the post-EC3 cohort had a mean age of 1 year older than those in the pre-EC3 cohort (mean \[SD\] age, 49.0 \[19.7\] vs 48.0 \[19.7\] years, respectively). The mean Charlson Comorbidity Index was 20.0% greater in the post-EC3 cohort compared with the pre-EC3 cohort (mean \[SD\], 2.4 \[3.2\] vs 2.0 \[2.9\]), reflective of increases in age and comorbidity through time. Increases in patient acuity (as indicated by lower Emergency Severity Index scores) and longer ED LOS were also observed in the post-EC3 cohort compared with the pre-EC3 cohort.

###### Patient Demographic and ED Characteristics

  Characteristic                                No. (%)          
  --------------------------------------------- ---------------- ----------------
  Total ED visits                               168 877 (48.3)   180 433 (51.7)
  ED visits, No./y                              68 777           73 452
  Patients treated in EC3                       NA               6200 (3.4)
  Age, mean (SD), y                             48.0 (19.7)      49.0 (19.7)
  Women                                         90 238 (54.5)    97 671 (54.1)
  Triaged to ED resuscitation bay               11 429 (6.8)     14 251 (7.9)
  Emergency Severity Index score, mean (SD)     2.65 (0.7)       2.61 (0.7)
  Charlson Comorbidity Index score, mean (SD)   2.0 (2.9)        2.4 (3.2)
  ED LOS, mean (SD), h                          5.6 (4.0)        6.4 (4.4)
  EC3 LOS, mean (SD), h                         NA               9.4 (6.2)
  ED admissions                                 62 838 (37.3)    69 431 (38.7)
  Patients with missing 30-d mortality status   21 548 (12.8)    28 459 (15.8)
  EC3 visits requiring mechanical ventilation   NA               1892 (30.5)
  EC3 visits requiring vasopressors             NA               820 (13.2)

Abbreviations: EC3, Emergency Critical Care Center; ED, emergency department; LOS, length of stay; NA, not applicable.

The median (interquartile range) time to ICU-level care (EC3 or inpatient ICU) was 5.3 (3.4-7.9) hours in the pre-EC3 cohort and 3.4 (2.1-5.6) hours in the post-EC3 cohort, a difference of 1.9 hours (*t*~14,669~ = 25.6; *P* \< .001). The number of patients who received ICU-level care within 6 hours of ED presentation increased abruptly with implementation of EC3 from 3142 patients (58.3%; 95% CI, 57.0%-59.7%) to 7205 patients (77.6%; 95% CI, 76.7%-78.4%) (χ^2^~1~ = 608.4; *P* \< .001), a difference of 19.3 percentage points (eFigure 2 in the [Supplement](#note-ZOI190306-1-s){ref-type="supplementary-material"}). The mean (SD) time in ED until transfer to EC3 was 3.7 (2.8) hours, and the mean (SD) EC3 LOS was 9.4 (6.2) hours (median \[interquartile range\], 7.9 \[5.0-12.4\] hours; range, 0-52.6 hours). The mean (SD) EC3 LOS for patients admitted to a non-ICU bed was 9.8 (5.9) hours. The most frequently used evidence-based patient care pathways included undifferentiated critical illness (2939 patients \[47.4%\]), sepsis (955 patients \[15.4%\]), shortness of breath or respiratory failure (722 patients \[11.6%\]), and gastrointestinal tract bleeding (496 patients \[8.0%\]) (eTable 1 in the [Supplement](#note-ZOI190306-1-s){ref-type="supplementary-material"}).

Mortality {#H2-5-ZOI190306}
---------

In the unadjusted analysis, there was no statistically significant bivariate association of cohort with 30-day mortality rate among all ED patients. However, results from the multivariable analysis in [Table 2](#zoi190306t2){ref-type="table"} indicated that, when other covariates were statistically controlled, the transition to EC3 was associated with a statistically significant 15.4% reduction in the odds of 30-day mortality (adjusted OR, 0.85; 95% CI, 0.80-0.90; *P* \< .001; C = 0.86). The risk-adjusted 30-day mortality rate among all ED patients decreased from 2.13% pre-EC3 to 1.83% post-EC3 (NNT, 333 patient encounters; 95% CI, 256-476) ([Table 2](#zoi190306t2){ref-type="table"} and [Figure 2](#zoi190306f2){ref-type="fig"}), and the AME of cohort was −0.30% (95% CI, −0.41% to −0.19%; *P* \< .001). As shown in [Figure 2](#zoi190306f2){ref-type="fig"}, the sharpest decline in risk-adjusted 30-day mortality rate occurred immediately after implementation of EC3. Restricting analysis to only patients with Emergency Severity Index scores of 1 or 2, implementation of EC3 was associated with a statistically significant reduction in the odds of 30-day mortality (adjusted OR, 0.87; 95% CI, 0.82-0.92; *P* \< .001) (eTable 3 in the [Supplement](#note-ZOI190306-1-s){ref-type="supplementary-material"}). In addition to the statistically significant association of EC3 implementation with reduced mortality, results indicated that older age (adjusted OR, 1.17; 95% CI, 1.16-1.18), male sex (adjusted OR, 1.16; 95% CI, 1.09-1.24), comorbidity (adjusted OR, 1.15; 95% CI, 1.16-1.17), and severity (adjusted OR, 5.32, 95% CI, 4.95-5.72) were independently associated with statistically significantly higher odds of 30-day mortality. The observed reduction in risk-adjusted 30-day mortality for 73 451 patients per year adult ED population equates to 220 lives saved per year after the implementation of EC3, or approximately 3 lives saved per 1000 ED visits (NNT, 333 patient encounters; 95% CI, 256-476).

###### Pre-EC3 and Post-EC3 Mortality Rates

  Outcome                                                                                 Unadjusted   Risk-Adjusted[^a^](#zoi190306t2n1){ref-type="table-fn"}                                    
  --------------------------------------------------------------------------------------- ------------ --------------------------------------------------------- ------------------ ------ ------ ------------------
  30-d mortality                                                                                                                                                                                  
  All ED visits[^b^](#zoi190306t2n2){ref-type="table-fn"}                                 1.97         1.98                                                      1.01 (0.95-1.06)   2.13   1.83   0.85 (0.80-0.90)
  ED admissions[^c^](#zoi190306t2n3){ref-type="table-fn"}                                 4.52         4.39                                                      0.97 (0.91-1.03)   4.74   4.18   0.87 (0.82-0.93)
  ED admissions                                                                                                                                                                                   
  Hospital mortality[^c^](#zoi190306t2n3){ref-type="table-fn"}                            2.16         2.07                                                      0.96 (0.89-1.03)   2.20   2.00   0.90 (0.84-0.98)
  24-h mortality[^c^](#zoi190306t2n3){ref-type="table-fn"}                                0.30         0.22                                                      0.74 (0.60-0.92)   0.29   0.22   0.74 (0.60-0.92)
  Mortality prior to admission, all ED visits[^b^](#zoi190306t2n2){ref-type="table-fn"}   0.08         0.12                                                      1.40 (1.13-1.74)   0.08   0.11   1.36 (1.09-1.71)

Abbreviations: EC3, Emergency Critical Care Center; ED, emergency department; OR, odds ratio.

Risk-adjusted percentages are from model-based predicted marginal probabilities, defined as the average probability of pre-EC3 and post-EC3 mortality across the observed values of other covariates in the model. Adjusted ORs are from multivariable analysis of the post-EC3 cohort as a predictor of mortality, statistically controlling for age, sex, Charlson Comorbidity Index score, and Emergency Severity Index score. Patients with missing data on the Emergency Severity Index (n = 370 \[0.11%\]) were excluded from multivariable analysis.

Total sample included 349 310 ED visits (pre-EC3, 168 877 ED visits; post-EC3, 180 433 ED visits) in which the patient was seen by an ED clinician.

Total sample included 132 269 ED visits (pre-EC3, 62 838 ED visits; post-EC3, 69 431 ED visits) in which the patient was seen by an ED clinician and subsequently admitted to the ED.

![Risk-Adjusted 30-Day Mortality and Intensive Care Unit (ICU) Admission Rates Before and After Emergency Critical Care Center (EC3) Implementation\
ED indicates emergency department.](jamanetwopen-2-e197584-g002){#zoi190306f2}

A similar pattern of lower mortality in the post-EC3 cohort among patients who were admitted to the hospital from the ED was observed in 30-day mortality, hospital mortality, and 24-hour mortality ([Table 2](#zoi190306t2){ref-type="table"}; eFigure 3 in the [Supplement](#note-ZOI190306-1-s){ref-type="supplementary-material"}). An exception to this pattern was observed in mortality prior to hospital admission, in which results showed that the post-EC3 cohort was associated with a small but statistically significant increase (adjusted OR, 1.36; 95% CI, 1.09-1.71) in the odds of mortality prior to hospital admission ([Table 2](#zoi190306t2){ref-type="table"}; eFigure 3 in the [Supplement](#note-ZOI190306-1-s){ref-type="supplementary-material"}).

ICU Admissions {#H2-6-ZOI190306}
--------------

The unadjusted rate of ED admission to ICU per 100 000 ED visits decreased with implementation of EC3 by 12.9%, and results from the multivariable analysis in [Table 3](#zoi190306t3){ref-type="table"} indicated that, when other covariates were statistically controlled, the implementation of EC3 was associated with a statistically significant reduction in the odds of ED admission to ICU (adjusted OR, 0.80; 95% CI, 0.76-0.83; C = 0.84). The risk-adjusted rate of ED admission to ICU decreased from 3.2% in the pre-EC3 cohort to 2.7% in the post-EC3 cohort ([Table 3](#zoi190306t3){ref-type="table"}; [Figure 2](#zoi190306f2){ref-type="fig"}) (NNT, 179; 95% CI, 149-217), and the AME of cohort was −0.56% (95% CI, −0.46% to −0.67%). As shown in [Figure 2](#zoi190306f2){ref-type="fig"}, consistent with the mortality results, the sharpest decline in risk-adjusted ED admission to ICU rate occurred immediately after implementation of EC3. In addition to the statistically significant difference of the post-EC3 cohort, we found that older age (adjusted OR, 1.07; 95% CI, 1.06-1.08), male sex (adjusted OR, 1.39; 95% CI, 1.33-1.46), comorbidity (adjusted OR, 0.98; 95% CI, 0.97-0.99), and severity (adjusted OR, 19.62; 95% CI, 18.50-20.81) were statistically significantly associated with odds of ED admission to ICU.

###### Pre-EC3 and Post-EC3 ICU Use Rates

  Outcome                                                                                                           Unadjusted   Risk-Adjusted[^a^](#zoi190306t3n1){ref-type="table-fn"}                                                
  ----------------------------------------------------------------------------------------------------------------- ------------ --------------------------------------------------------- ------------------ ------------ ------------ ------------------
  ED admissions to ICU per 100 000 ED visits, No. (%)[^b^](#zoi190306t3n2){ref-type="table-fn"}                     3189 (3.2)   2778 (2.8)                                                0.87 (0.83-0.90)   3245 (3.2)   2684 (2.7)   0.80 (0.76-0.83)
  Short-stay ICU admissions, %[^c^](#zoi190306t3n3){ref-type="table-fn"}                                            12.51        9.12                                                      0.70 (0.62-0.80)   12.56        9.18         0.70 (0.62-0.80)
  Transfer to ICU within 24 h of admission from ED to a non-ICU ward, %[^d^](#zoi190306t3n4){ref-type="table-fn"}   0.70         0.62                                                      0.88 (0.77-1.02)   0.71         0.60         0.84 (0.73-0.97)

Abbreviations: EC3, Emergency Critical Care Center; ED, emergency department; ICU, intensive care unit; OR, odds ratio.

Risk-adjusted percentages are from model-based predicted marginal probabilities. Patients with missing data on the Emergency Severity Index (370 \[0.11%\]) were excluded from multivariable analysis. Adjusted ORs are from multivariable analysis of EC3 cohort as a predictor of mortality, statistically controlling for age, sex, Charlson Comorbidity Index score, and Emergency Severity Index score.

Total sample included 349 310 ED visits (pre-EC3, 168 877 ED visits; post-EC3, 180 433 ED visits) in which the patient was seen by a clinician.

Excludes ED admissions to procedural units (ie, operating room, interventional radiology, cardiac catheterization laboratory). Total sample included 10 398 ED visits (pre-EC3, 5386 ED visits; post-EC3, 5012 ED visits) in which the patient was seen by a clinician and subsequently admitted to the ICU.

Total sample included 121 871 ED visits (pre-EC3, 57 452 ED visits; post-EC3, 64 419 ED visits) in which the patient was seen by a clinician and subsequently admitted to a non-ICU ward.

As shown in [Table 3](#zoi190306t3){ref-type="table"}, when other covariates were statistically controlled, the post-EC3 cohort was associated with a statistically significant reduction in the odds of short-stay ICU admission (ICU LOS \<24 hours) (adjusted OR, 0.70; 95% CI, 0.62-0.80; C = 0.61), and the risk-adjusted short-stay ICU admission rate decreased from 12.6% in the pre-EC3 cohort to 9.2% in the post-EC3 cohort (AME, −3.4%; 95% CI, −4.6% to −2.2%). Older age (adjusted OR, 0.98; 95% CI, 0.96-0.99) and lower patient acuity (adjusted OR, 0.58; 95% CI, 0.52-0.65) were also associated with statistically significantly lower odds of short-stay ICU admission. In addition, the post-EC3 cohort was associated with a statistically significant reduction in the odds of transfer to ICU within 24 hours of admission to a non-ICU ward from the ED (adjusted OR, 0.84; 95% CI, 0.73-0.97; C = 0.65), and the risk-adjusted rate of transfer to ICU within 24 hours of admission to a non-ICU ward from the ED declined from 0.71% in the pre-EC3 to 0.60% in the post-EC3 (AME, −0.11%; 95% CI, −0.21% to −0.02%).

Discussion {#H1-4-ZOI190306}
==========

Results from this study at an academic medical center support our hypothesis that implementation of an ED-based ICU is associated with decreased mortality and decreased inpatient ICU admissions among ED patients. To our knowledge, this is the first report to demonstrate the potential benefits associated with this care delivery model.

Mortality Reduction {#H2-7-ZOI190306}
-------------------

Previous studies have demonstrated that patients who are critically ill and experience prolonged LOS (\>6 hours) in the ED have increased mortality.^[@zoi190306r4],[@zoi190306r5],[@zoi190306r6],[@zoi190306r7],[@zoi190306r8],[@zoi190306r9],[@zoi190306r10]^ The populations observed in these studies were heterogeneous in underlying disease processes, but the association of prolonged ED care with outcome was consistent. This association is not unexpected considering how the traditional US model of ED care is facing increasing demands for critical care delivery that can exceed resources, capacity, and capabilities. To address this challenge, we created an ED-based ICU care delivery model that provides dedicated space and resources combined with nurse and physician staffing based on traditional inpatient ICU care, designed to optimize time-sensitive diagnosis and treatment for patients who are critically ill or injured. Controlling for severity of illness, this strategy was associated with significant reductions in mortality and inpatient ICU admission. The variables potentially associated with improved survival are multifactorial and will require more in-depth analysis. However, the 1.9-hour reduction in median time to ICU-level care and 19.3% absolute increased proportion of patients receiving ICU-level care within 6 hours are potential factors.

Although more patients in the post-EC3 cohort died prior to admission, this may be associated with the significant number of patients receiving end-of-life care in the EC3 who would have otherwise been admitted to an inpatient bed. The EC3 offers the opportunity to thoroughly discuss goals of care and code status and to involve patients and treating physicians (eg, oncologists) in clinical decision-making. This often leads to initiation of comfort care measures while in EC3 rather than after admission to the ICU, which is another unique outcome benefit observed with implementation of EC3.

ICU Resource Optimization {#H2-8-ZOI190306}
-------------------------

With implementation of EC3, many patients who would traditionally be admitted to an inpatient ICU were stabilized for non-ICU admission or, in some instances, discharged, decreasing the rate of inpatient ICU admission. The final disposition of patients treated in EC3 is presented in eFigure 4 in the [Supplement](#note-ZOI190306-1-s){ref-type="supplementary-material"}. During the observed before and after periods, there was a clear demarcation in the inpatient ICU admission rate at the time EC3 opened. The unadjusted inpatient ICU admission rate was observed to decrease by 12.9%. This reduction occurred with contemporaneous increases in total ED volume, overall admission rate, patient acuity, and patient age. These findings indicate that the mean severity of illness of the patient population increased during the study; thus, the observed reduction of ICU admissions was not associated with a significant decrease in patient acuity.

The observed reduction in ICU admission rate is likely multifactorial, and a large factor in this reduction can potentially be explained by the association EC3 had with short-stay ICU admissions. We observed a 30% reduction in the odds of short-stay ICU admissions. Our initial pre-EC3 short-stay admission rate was relatively low at 12.5%, compared with reports as high as 40% of ICU admissions defined as short stays nationally.^[@zoi190306r20]^ By avoiding short-stay admissions, the inpatient ICU can optimize bed resource allocation by providing capacity for patients who are decompensating in the wards or by increasing transfers from ICUs in other hospitals.

Safety {#H2-9-ZOI190306}
------

To assess whether the observed decreased ICU admission rate was associated with an increased safety risk assumed by non-ICU wards, we analyzed emergent transfers from non-ICU wards to the ICU within the first 24 hours after admission from the ED. This did not change with implementation of EC3. Moreover, risk-adjusted 24-hour mortality of ED patients was observed to decrease with implementation of EC3. These 2 metrics are reassuring that this model of ED-based critical care can safely downgrade patients who are critically ill to non-ICU wards without exposing them to added risk of early decompensation or death.

Significance {#H2-10-ZOI190306}
------------

In 1961, Safar et al^[@zoi190306r21]^ ushered in the era of inpatient critical care by describing the first US inpatient ICU at Baltimore City Hospital. In the same year, the first group of physicians focused their practice on EM in Alexandria, Virginia.^[@zoi190306r22]^ Since then, critical care and EM have evolved as separate specialties. In the last 2 decades, both specialties have faced the increased challenge of providing timely and effective care for patients who are the most critically ill or most severely injured.^[@zoi190306r3]^ However, providing prolonged critical care in the traditional ED environment is challenging and associated with increased mortality.^[@zoi190306r4],[@zoi190306r5],[@zoi190306r6],[@zoi190306r7],[@zoi190306r8],[@zoi190306r9],[@zoi190306r10],[@zoi190306r23]^ In this study, we describe a novel health care delivery strategy that provides contemporary evidence-based critical care and ICU resources within the ED. This *Right Care, Right Now* approach is championed by the Society of Critical Care Medicine.^[@zoi190306r24]^ In fact, one of the founders of critical care, Ake Grenvik, MD, PhD, predicted decades ago that "Many critically ill patients no longer need admission to the hospital if the diagnostic work-up and treatment may be completed in an ED short-term ICU."^[@zoi190306r25]^ While other strategies for delivering critical care to ED patients are being explored,^[@zoi190306r11],[@zoi190306r12]^ to our knowledge, this is the first report in which an alternative critical care model has been associated with improved survival and resource use. Additional studies are needed to determine the effect of this model in other health care systems.

Limitations {#H2-11-ZOI190306}
-----------

A major limitation of this study is the pragmatic nature of its design. It is a single-center, uncontrolled, before-and-after design caring for a heterogeneous population in both disease and operational complexity. There are potential covariates that could contribute to the differences observed in the pre-EC3 and post-EC3 results. We attempted to control for as many of these as possible; however, there may have been other variables that were unaccounted for that contributed to the observed results. There is no accepted standard for risk adjustment of patients who are critically ill within the ED setting. Traditional scoring systems have been validated in ICU cohorts only and are poor predictors of mortality when used in the ED. We used an adjusted Charlson Comorbidity Index as described by Quan et al^[@zoi190306r16]^ to address the complexity and comorbid illness of our patient population. To increase the strength of the model, we also included age and the Emergency Severity Index score.^[@zoi190306r17]^ Although not validated for mortality prediction, this measure identifies a representative range of acuity in the ED patient population. The 30-day mortality analysis was potentially limited by the assumption that patients with unknown mortality status were alive 30 days after ED presentation. However, when analysis was performed excluding the patients with unknown mortality status at 30 days, the differences observed between risk-adjusted 30-day mortality of all ED patients and returning ED patients remained similar in magnitude and statistically significant (eTable 4 in the [Supplement](#note-ZOI190306-1-s){ref-type="supplementary-material"}). Statistically significant differences observed in this study could partially be attributable to large sample sizes and should be interpreted appropriately. An incremental rollout of a new EHR system occurred between 2012 and 2014, which may have affected risk-adjusted mortality in the pre-EC3 period. We cannot rule out the possibility that simply increasing the number of clinicians providing care in the post-EC3 period contributed to improved survival. Additionally, it is possible that secular trends in disease-specific mortality could have contributed to outcome differences in the pre-EC3 and post-EC3 cohorts.

Conclusions {#H1-5-ZOI190306}
===========

Implementation of a novel ED-based ICU was associated with decreased risk-adjusted mortality and inpatient ICU admission rates among ED patients. Additional research is warranted to determine the value of this novel care delivery model in other health care systems. If translatable to other systems, this model may be an effective strategy to address the challenge of increasing demand for critical care delivery that is exceeding ICU capacity in the US health care system.
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